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RESOURCE CAPACITY MANAGEMENT IN
A CLUSTER OF HOST COMPUTERS USING
POWER MANAGEMENT ANALYSIS

BACKGROUND

A virtual machine (VM) 1s a software-based emulation of
a physical computer. Although virtual machines are sofit-
ware-based emulations, the emulations still utilize physical
resources 1n physical machines referred to as host comput-
ers.

A virtual machine management server, such as VMware®
vCenter Server™, can provide a centralized way of manag-
ing virtual infrastructure resources like computation, stor-
age, networks, etc. Infrastructure resources can also be
aggregated and grouped using abstractions such as a cluster
ol host computers. Datastores can similarly be grouped into
datastore clusters.

A resource management module, such as VMware
vSphere® Distributed Resource Scheduler™, can be
employed and configured to perform various management
functions 1n order to efliciently allocate resources within
host computers to VMs 1n a cluster. A resource management
module can provide a way of performing intelligent and
automatic resource management within a cluster. For
example, the resource management module can perform
automatic 1nitial placement of a virtual machine within a
cluster.

A power management module, such as VMware
vSphere® Distributed Power Management™, can be
employed and configured to opportunistically save power by
dynamically right-sizing cluster capacity to match workload
demands while respecting all cluster constraints. For
example, the power management module recommends VM
evacuation and powering-ofl hosts when the cluster has
suilicient capacity such as CPU and memory capacity. It
recommends powering-on hosts when resource utilization
increases appropriately or additional host resources are
needed to meet cluster constraints.

However, efliciently managing cluster resources can be
complex and diflicult with cluster demands varying from
one workload to another. In addition, when additional
resource capacity 1s needed in a cluster, determining the
amount and type of resources to add to the cluster can be
challenging.

SUMMARY

A resource management system and method for perform-
Ing resource capacity management i a cluster of host
computers uses a snapshot of the cluster with one or more
ghost host computers added to the cluster to execute a power
management analysis. A ghost host computer 1s a fictitious
construct based on a physical host computer. The results of
the power management analysis may then be used as a
cluster capacity recommendation to increase resource capac-
ity of the cluster of host computers.

A method for performing resource capacity management
in a cluster of host computers 1n accordance with an embodi-
ment of the invention comprises generating a snapshot of the
cluster of host computers that 1s a representation of a state
of the cluster of host computers, adding a ghost host
computer to the snapshot of the cluster of host computers,
the ghost host computer being a fictitious construct based on
a physical host computer, and executing a power manage-
ment analysis on the cluster using the snapshot with the
ghost host computer, wherein a recommendation of power-
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ing on the ghost host computer as a result of the power
management analysis 1s used as a cluster capacity recom-
mendation to increase resource capacity ol the cluster of
host computers. In some embodiments, the steps of this
method are performed when program instructions contained
in a computer-readable storage medium are executed by one
Or MOre pProcessors.

A cluster management system in accordance with an
embodiment of the mvention comprises a physical cluster
comprising at least one physical host computer, a cluster
capacity management module and a power management
module. The cluster capacity management module 1s con-
figured to generate a snapshot of the physical cluster that 1s
a representation of a state of the physical cluster. The cluster
capacity management module 1s further configured to add a
ghost host computer to the snapshot of the physical cluster.
The ghost host computer 1s a fictitious construct based on a
physical host computer. The power management module 1s
configured to execute a power management analysis on the
snapshot of the physical cluster with the ghost host com-
puter. A recommendation ol powering on the ghost host
computer as a result of the power management analysis 1s
used as a cluster capacity recommendation to increase
resource capacity of the cluster of host computers.

Other aspects and advantages of embodiments of the
present mvention will become apparent from the following
detailed description, taken 1n conjunction with the accom-
panying drawings, illustrated by way of example of the
principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a schematic block diagram of one embodi-
ment of a cluster management system.

FIG. 2A 1s a schematic block diagram of one embodiment
ol a host network, which can be represented by a snapshot
on which a power management analysis can be performed.

FIG. 2B 1s a schematic block diagram of another embodi-
ment of a host network, which can be represented by a
snapshot on which a power management analysis can be
performed.

FIG. 2C 1s a schematic block diagram of another embodi-
ment of a host network, which can be represented by a
snapshot on which a power management analysis can be
performed.

FIG. 2D 1s a schematic block diagram of another embodi-
ment of a host network, which can be represented by a
snapshot on which a power management analysis can be
performed.

FIG. 3 depicts a schematic block diagram of one embodi-
ment of a ghost host.

FIG. 4 depicts one embodiment of an algorithm for
generating a ghost host.

FIG. § depicts a block flow chart of one embodiment of
a method for cluster management.

Throughout the description, similar reference numbers
may be used to 1dentily similar elements.

DETAILED DESCRIPTION

It will be readily understood that the components of the
embodiments as generally described herein and illustrated 1n
the appended figures could be arranged and designed in a
wide variety of different configurations. Thus, the following
more detailed description of various embodiments, as rep-
resented 1n the figures, 1s not mtended to limit the scope of
the present disclosure, but 1s merely representative of vari-
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ous embodiments. While the various aspects of the embodi-
ments are presented in drawings, the drawings are not
necessarily drawn to scale unless specifically indicated.
The present invention may be embodied 1n other specific
forms without departing from 1ts spirit or essential charac-
teristics. The described embodiments are to be considered in

all respects only as illustrative and not restrictive. The scope
of the invention 1s, therefore, indicated by the appended
claims rather than by this detailed description. All changes
which come within the meaning and range of equivalency of
the claims are to be embraced within their scope.

Reference throughout this specification to {features,
advantages, or similar language does not imply that all of the
features and advantages that may be realized with the
present invention should be or are 1n any single embodiment
of the mvention. Rather, language referring to the features
and advantages 1s understood to mean that a specific feature,
advantage, or characteristic described 1n connection with an
embodiment 1s 1ncluded 1n at least one embodiment of the
present invention. Thus, discussions of the features and
advantages, and similar language, throughout this specifi-
cation may, but do not necessarily, refer to the same embodi-
ment.

Furthermore, the described {features, advantages, and
characteristics of the mmvention may be combined in any
suitable manner 1n one or more embodiments. One skilled 1n
the relevant art will recognize, 1n light of the description
herein, that the invention can be practiced without one or
more of the specific features or advantages of a particular
embodiment. In other instances, additional features and
advantages may be recognized 1n certain embodiments that
may not be present 1 all embodiments of the mvention.

Reference throughout this specification to “one embodi-
ment,” “an embodiment,” or similar language means that a
particular feature, structure, or characteristic described in
connection with the indicated embodiment 1s 1ncluded in at
least one embodiment of the present invention. Thus, the
phrases “in one embodiment,” “in an embodiment,” and
similar language throughout this specification may, but do
not necessarily, all refer to the same embodiment.

While many embodiments are described herein, at least
some of the embodiments implement a cluster management
system to manage a cluster to handle a variety of workloads.
A cluster 1s formed with one or more host computers
(sometimes referred to herein as “hosts™). The host comput-
ers may be runmng virtual machine (VM) or virtual machine
management server processes to perform a workload.
Because workloads vary in demand on a cluster 1n order to
perform the workload, it can be beneficial to modily the
cluster to efliciently handle each individual workload. A
power management module of the cluster management
system may be implemented to assist with workload pro-
cessing optimization. With this module, the cluster manage-
ment system can save power by adjusting cluster capacity
according to workload capacity requirements. The power
management module may evacuate and/or power-oil or
power-on hosts depending on the comparison of the capacity
of the cluster relative to the workload demand. The power
management module may also resize a cluster to match the
demands of a workload while taking into consideration
certain cluster constraints. In addition, a cluster capacity
management module of the cluster management system
provides recommendations to add more resources to the
cluster to more ethiciently handle workloads with minimized
resource contentions. As described 1n more detail below, the
cluster capacity management module uses an analysis opera-
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tion performed by the power management module to make
cluster capacity recommendations.

Embodiments described below provide for selection of
resources to add to a cluster. The embodiments below
describe generation of ghost host computers or “ghost hosts™
from physical host computers or “physical hosts” 1n the
cluster or outside of the cluster. A ghost host 1s a non-
physical, fictitious construct derived from a physical host by
cloning the physical host to create a non-physical or “ghost™
host (one that does not actually exist in the physical cluster).
The ghost host may be included 1n a “snapshot” of the
cluster.

In an embodiment, a snapshot of a cluster 1s a represen-
tation of the state of the cluster that contains at least
configuration and resource usage information of the cluster
at a particular moment 1n time. The snapshot may include the
current configurations of hosts and clients, such as VMs or
other soltware processes, running on the hosts 1n the cluster.
These configurations of the hosts and the clients may include
hardware and software configurations of each host, client
hosting information and client information. The snapshot
may also include the current configuration of storage asso-
ciated with the cluster, including configurations of storage
devices and datastores 1n the storage. In addition, the snap-
shot may also include requirements and preferences of
components in the cluster. The snapshot may also include
the resource capacity of the cluster, current resource usage
information for various components of the cluster, including
historical resource usage information 1n the cluster, as well
as currently available resources 1n the cluster. Lastly, the
snapshot may also include resource allocation statistics,
such as how often a client has been moved to different host
computers or how often a client has consumed the entire
resource allotted to that client.

In some embodiments, the ghost host 1s counted by the
power management module as a potential resource to power-
on in the cluster even though the ghost host 1s not an actual
resource with any real capacity. However, the ghost host
provides a possible resource for the cluster capacity man-
agement module to recommend as a candidate for addition
to the cluster. The ghost host may be generated as an exact
copy of a physical host or the ghost host may be a variation
on a physical host 1n one or more characteristics. This allows
the power management module to select from a wider range
of resources with a potentially infinite amount of variety to
“power-on” so that the cluster capacity management module
can 1dentily and recommend a resource that 1s a better it for
addition to the cluster.

The ghost host 1s generated and saved 1mn a snapshot
considered by the power management module for selection
of resources to be recommended for power-on. Selection of
a non-physical ghost host construct over the physical hosts
available indicates that the characteristics of the ghost host
are preferable to those of the physical host. This allows the
cluster capacity management module to recommend adding
a physical host to the cluster that matches or 1s similar to the
characteristics of the selected ghost host.

In some embodiments, if a ghost host 1s selected to be
powered-on in the cluster by the power management mod-
ule, another ghost host may be generated to take the place of
the selected ghost host so that the power management
module may select more than one 1nstance of the same ghost
host. The user may specily the number of ghost hosts,
characteristics, variations, physical hosts that should be used
to dertve ghost hosts, and other aspects of the process.
Embodiments are described 1n greater detail below.
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FIG. 1 depicts a schematic block diagram of one embodi-
ment of a cluster management system 10. The 1llustrated
embodiment 1s 1n communication with a physical cluster 102
to manage resources within the cluster 102. The 1llustrated
embodiment of the cluster management system 10 includes
a resource management module 20, a power management
module 30, a cluster capacity management module 40 and an
algorithm 50.

In some embodiments, the resource management module
20 performs various management functions in order to
ciliciently allocate resources within hosts 1n a cluster 102.
The resource management module 20 can provide a way of
performing intelligent and automatic resource management
within the cluster. For example, the resource management
module 20 can perform automatic initial placement of a
virtual machine within the cluster. Other functionality may
be performed by the resource management module 20.

The power management module 144 1s a feature of the
cluster management system 10 that performs a power man-
agement analysis on a snapshot of the cluster 102 to oppor-
tunistically save power by dynamically right-sizing cluster
capacity to match workload demands while respecting all
cluster constraints. For example, the power management
module 144 may recommend host evacuation and powering-
ofl when the cluster 102 has suflicient capacity i such
resources as CPU and memory capacity. It recommends
powering-on hosts when resource utilization increases
appropriately or additional host resources are needed to meet
cluster constraints. In some embodiments, the power man-
agement module 144 may run other various routines and
protocols.

The cluster capacity management module 40 manages
cluster capacity by generating a capacity recommendation
based on powering-on recommendations of the power man-
agement module 30. The cluster capacity management mod-
ule 40 generates one or more ghost hosts, which are marked
as being on stand-by, for the power management module to
consider powering on so that cluster capacity management
module can determine 1f additional resource capacity 1s
needed for the cluster. The cluster capacity management
module 40 may generate the ghost hosts through execution
of the algorithm 50. The algorithm 50 1s described 1n greater
detail with reference to FIG. 4.

In some embodiments, the cluster capacity management
module 40 takes in a snapshot of the cluster 102 and
generates one or more ghost hosts which are added to the
snapshot. The cluster capacity management module 40 out-
puts the snapshot with the one or more ghost hosts, which
are 1ndicated as being on stand-by mode, to the power
management module 30. The power management module
considers the snapshot with the ghost hosts and creates a
recommendation to power-on one or more hosts, which may
include one or more ghost hosts. The recommendation 1s
then converted to a capacity recommendation by the cluster
capacity management module 40 specilying, for example,
the capacity of a host that should be added, the manner in
which the host should be connected, associated datastores,
and network configurations. Less or more information may
be mcorporated 1n the capacity recommendation.

In some embodiments, the cluster management system 10
1s executed on a central server or other location by one or
more processors ol a physical computer system. In another
embodiment, the system 10 1s executed at a remote or
satellite location. In other embodiments, various compo-
nents or modules of the system 10 may be stored or executed
at a combination of remote or central locations or a series of
remote locations. In a particular implementation, the cluster
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management system 10 1s a VMware® vCenter™ server
with at least some of the features available for such a server
(“VMware” and “vCenter” are trademarks of VMware,
Inc.).

FIG. 2A 15 a schematic block diagram of one embodiment
of a host network 100, which can be represented by a
snapshot on which a power management analysis can be
performed by the power management module 30. The host
network 100 includes a cluster 102 and available hosts 104.
The cluster 102 includes one or more hosts. The illustrated
embodiment depicts Host A106 as active and included in the
cluster 102. Similarly, the cluster 102 depicts Host B 108 as
active and within the cluster 102. In the illustrated embodi-
ment the cluster 102 includes the assets and capacities of
Host A 106 and Host B 108. In some embodiments, the
cluster 102 may include active and stand-by hosts. Any
workload that 1s sent to the cluster 102 would be checked to
determine the capacity required to perform the workload.
The capacity required to perform the workload would be
checked against the capacity of the cluster 102. If Host A 106
and Host B 108 are insuflicient to perform the workload
within a performance threshold, the power management
module 30 checks the available hosts 104 for capacity that
might be added to the cluster 102.

The available hosts 104 include Host C 110 and Host D
112 which are on stand-by. In some embodiments, Host C
110 and Host D 112 may still be associated or included in the
cluster 102. In other embodiments, Host C 110 and Host D
112 are not considered part of the cluster 102 based on their
stand-by status. Host C 110 and Host D 112 may also be
hosts that were evacuated from the cluster 102. The avail-
able hosts 104 may also include other hosts with other
relative connections or separations from the cluster 102.

The available hosts 104 also include Ghost Host A, 114,
Ghost Host B, 116, Ghost Host C 118, and Ghost Host D
120. The Ghost Hosts 114, 116, 118, and 120 are derived
from the corresponding Hosts A, B, C, and D 106, 108, 110,
and 112. In some embodiments, the Ghost Hosts 114, 116,
118, and 120 are direct but non-physical copies or duplicates
of the corresponding physical Hosts A, B, C, and D 106, 108,
110, and 112. In other embodiments, the Ghost Hosts 114,
116, 118, and 120 vary in one or more characteristics from
characteristics of the corresponding Hosts A, B, C, and D
106, 108, 110, and 112. For example, Ghost Host D 120 1s
derived from Host D 112. Ghost Host D 120 may mimic the
exact characteristics (e.g., CPU capacity, memory capacity)
of Host D 112. Ghost Host D 120 may also be a scaled or
modified derivation of Host D 112. For example, Ghost Host
D 120 may have a CPU capacity and/or memory capacity
that 1s half that of Host D 112. Other vanations may include
other percentages, scales, balances, or distributions of
resources 1n the ghost hosts relative to the corresponding
physical hosts.

FIG. 2B 1s a schematic block diagram of another embodi-
ment of a host network 100, which can be represented 1n a
snapshot on which a power management analysis can be
performed by the power management module 30. In the
illustrated embodiment, Ghost Host A; 114 and Ghost Host
B, 116 are generated while no ghost hosts are created for
hosts C 110 and D 112 because they are in stand-by and
currently available for addition to the cluster 102. Other
embodiments may generate fewer or more ghost hosts
corresponding to some other combination of the active and
stand-by hosts.

FIG. 2C 1s a schematic block diagram of another embodi-
ment of a host network 100, which can be represented by a
snapshot on which a power management analysis can be
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performed by the power management module 30. In the
illustrated embodiment, multiple ghost hosts are derived
from a single host. In the depicted embodiment, Host A 106
1s used to dertve Ghost Host A, 114 and Ghost Host A, 122.
In some embodiments, Ghost Host A, 122 1s generated at
substantially the same time as Ghost Host A, 114. In another
embodiment, Ghost Host A, 122 1s generated 1n response to
selection of Ghost Host A, 114 as a recommended addition
for cluster 102. Any number of variations or copies of the
hosts 106, 108, 110, and/or 112 may be created. In this
manner, the power management module 30 may search a
large pool of available hosts 104. This will allow for a higher
probability of finding a good fit to adjust the capacity of the
cluster 102 to match a workload.

Criteria for generation of the ghost hosts may also be
speciflied. The criteria may be set automatically, carried over
from a previous ghost host generation, or manually set. For
example, the criteria may dictate that ghost hosts only be
generated from active hosts. The criteria may also indicate
that ghost hosts should not be generated from one or more
hosts or groups of hosts. As another example, the critenia
may specily that hosts with a certain range of CPU capacity
may be excluded or included. The criteria may require that
the host have above a threshold capacity of memory in order
to dertve a ghost host from the host. Other criteria may also
be used.

FIG. 2D 1s a schematic block diagram of another embodi-
ment of a host network 100, which can be represented by a
snapshot on which a power management analysis can be
performed by the power management module 30. In the
illustrated embodiment, Ghost Host A, 114 has been previ-
ously selected (denoted by box 1235) to be powered on 1n the
cluster 102. Consequently, Ghost Host A,(2) 126 1s gener-
ated. In some embodiments, Ghost Host A,(2) 126 1s gen-
erated upon selection of Ghost Host A, 114. In other
embodiments, replacement ghost hosts may be generated
alter a program cycle 1s run to check capacity of the cluster
with the new ghost host added. Generation of replacement
ghost hosts may allow the network 100 to provide the option
ol selecting multiple copies of the same ghost host or a
physical host and one or more ghost hosts derived from the
physical host. Providing one or more ghost hosts with
replacements that can be recommended to be powered on by
the power management module 30 allows the cluster capac-
ity management module 40 to make eflicient and well-
tatlored suggestions for modification of the cluster 102.

In some embodiments, Ghost Host A, (2) 126 1s generated
as an exact copy ol Ghost Host A, 114. In other embodi-
ments, Ghost Host A,(2) 126 1s a variation or scaled
derivation of Ghost Host A, 114. In some embodiments, an
exact copy ghost host and a modified ghost host may be
generated simultaneously or separately.

The 1llustrated embodiment also depicts a situation where
no ghost host 1s derived from Host D 112. This may be a
result of a determination that Host D 112 does not meet one
or more criteria for ghost host generation. For example, one
or more 1nitial criteria may be set which prevents the power
management module 30 from considering Host D 112 for
ghost host generation. One or more criteria may be set to
prevent duplication of one or more specific hosts or host
configurations or to control cost or availability issues. The
criteria may relate to host status, CPU capacity, memory
capacity, usage history, current or projected host demand, or
other characteristics or information relating to the host,
workload, or cluster.

FIG. 3 depicts a schematic block diagram of one embodi-
ment of the ghost host 114. The 1illustrated embodiment of

10

15

20

25

30

35

40

45

50

55

60

65

8

the ghost host 114 includes a CPU capacity 128, a network
connection 130, and a memory capacity 132. The ghost host
114 may also include an associated datastore 134 with a
corresponding datastore connection 136. As described
above, each of these characteristics may be copied from a
physical host from which the ghost host 114 1s derived. In
some embodiments, one or more of the characteristics may
be changed, removed, scaled, or copied exactly from the
physical host.

The datastore 134 and associated connection 136 may be
included with the associated ghost host 114. In some
embodiments, the cluster capacity management module 40
may elect to maintain the connection 136 to the datastore
134 or dissociate the ghost host 114 from the datastore 134
for the purposes of generating the ghost host 114. In some
embodiments, the ghost host 114 may retain the connection
136 to the datastore 134 for reevaluation prior to actually
adding a resource to the cluster. For example, 11 it 1s
determined that the ghost host 114 1s needed for the CPU
capacity 128 and not for the datastore 134, the datastore 134
may be removed from the ghost host 114. In other embodi-
ments, other connections (not shown) may be created to
associate the ghost host 114 to other resource (not shown).
Because the ghost host 114 1s derived from a physical host
that may already be a part of the cluster, the connection 136
to the same datastore 134 may not be a viable candidate for
an additional resource for the cluster. Some embodiments
may address this by assigning another similar datastore to
the ghost host 114 before or after selection by the cluster
capacity management module 40 as a recommended cluster
supplement or by maintaining the same datastore in con-
nection with the ghost host 114. In some embodiments, the
ghost host 114 may include other characteristics or compo-
nents as well as other manners of preparing or modifying the
ghost host 114 and associated resources.

FIG. 4 depicts one embodiment of the algorithm 50 for
generating a ghost host. The illustrated embodiment uses a
particular power management module 1n the form of a
VMware vSphere® Distributed Power Management™ or
DPM. The algornithm 50 takes an mput of a snapshot of the
cluster. The algorithm 50 then generates a ghost host for
cach active host 1n the cluster. The status of the ghost host
1s then set to stand-by and the ghost host 1s added to the
snapshot. The power management module 1s run on the
snapshot to select a single host to be powered on 1n the
cluster.

I1 a host 1s chosen to be powered on, a ghost host 1s cloned
from the selected host (the selected host may be a ghost host
or physical host) and the ghost host 1s set to stand-by. For
cach ghost host selected by the power management module,
the recommendation to power-on the ghost host 1s converted
to a capacity recommendation that specifies a host configu-
ration that the system can use to locate a matching or similar
physical host to add to the cluster. When no additional host
1s recommended to be powered on by the power manage-
ment module, the ghost hosts are removed from the snapshot
and the illustrated embodiment of the algorithm 50 ends.

Some embodiments of the algorithm 50 may create more
than one ghost host. For example, when the algorithm 30
clones the hosts to generate the ghost host, it may generate
a plurality of ghost hosts with variations in the configura-
tions of each ghost host. The variations may be 1n CPU,
memory, network connectivity, datastore connection, or
other characteristics of the ghost host. In another embodi-
ment, the algorithm 30 selects multiple hosts for power-on.
For example, the algorithm 50 may combine multiple hosts
with a combined capacity suflicient to perform a workload.
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In some embodiments, the algorithm 50 may receive iput
ol a snapshot that includes hosts not currently 1n the cluster.
The snapshot may include hosts within the cluster as well as
one or more hosts that are outside of the cluster. Host may
be powered-ofl or previously evacuated from the cluster.
The hosts 1n the snapshot may also be hosts available for
addition to the cluster but not currently or previously asso-
ciated with the cluster. Other embodiments may include
fewer or more processes to provide more or less function-
ality.

In an embodiment, the power management module 30
incorporates a high formula for determining a high utiliza-
tion score. One example of a high formula 1s:

Hi ghUtﬂiZﬂtiDIlSCDTEZVEDiStﬂHCEAbGVEThrﬂShDld2

The illustrated high formula takes 1n the load on each host
above a threshold and sums the total for the cluster. In some
embodiments, the load is calculated over an extended time
period. The threshold may be set automatically or manually.
One example 1s a high threshold set at 81%. However, a
different threshold may be selected based on performance
considerations such as time constraints, power demands,
system robustness, or other physical or process consider-
ations. The threshold may also be chosen arbitrarily or based
on some other consideration. The high utilization score
output by the high formula i1s considered by the power
management module 30 for host power-on recommenda-
tions. Some embodiments may 1include further calculation or
refinement to achieve other outputs or include other factors.

The power management module 30 may also incorporate
a low formula for determining a low utilization score. One
example of the low formula 1s:

LDWUtiliZﬂtiDIlSGGI‘E::VEDiStHIlCEBElDWThIESthdE

Calculation and 1nputs for the low formula are similar to
that described above with relation to the high formula.
However, the low formula operates on mput for the host
loads under a low threshold. For example, the threshold may
be set at 45%. However, a different threshold may be
selected based on performance considerations such as time
constraints, power demands, system robustness, or other
physical or process considerations. The threshold may also
be chosen arbitrarily or based on some other consideration.
The low utilization score output by the low formula is
considered by the power management module 30 for host
power-oll recommendations. Some embodiments may
include further calculation or refinement to achieve other
outputs or include other factors.

FIG. 5 depicts a block tlow chart of one embodiment of
a method 200 for performing resource capacity management
in a cluster of host computers. At block 202, a snapshot of
the cluster of host computers 1s generated that 1s a repre-
sentation of a state of the cluster of host computers. At block
204, a ghost host computer 1s added to the snapshot of the
cluster of host computers. The ghost host computer 1s a
fictitious construct based on a physical host computer. At
block 206, a power management analysis 1s executed on the
cluster using the snapshot with the ghost host computer. A
recommendation of powering on the ghost host computer as
a result of the power management analysis 1s used as a
cluster capacity recommendation to increase resource capac-
ity of the cluster of host computers.

Although the operations of the method(s) herein are
shown and described 1n a particular order, the order of the
operations of each method may be altered so that certain
operations may be performed 1n an iverse order or so that
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certain operations may be performed, at least in part, con-
currently with other operations.

It should also be noted that at least some of the operations
for the methods may be implemented using software instruc-
tions stored on a computer useable storage medium {for
execution by a computer. As an example, an embodiment of
a computer program product includes a computer useable
storage medium to store a computer readable program that,
when executed on a computer, causes the computer to
perform operations, as described herein.

Furthermore, embodiments of at least portions of the
invention can take the form of a computer program product
accessible from a computer-usable or computer-readable
medium providing program code for use by or 1n connection
with a computer or any instruction execution system. For the
purposes of this description, a computer-usable or computer
readable medium can be any apparatus that can contain,
store, communicate, propagate, or transport the program for
use by or in connection with the instruction execution
system, apparatus, or device.

The computer-useable or computer-readable medium can
be an electronic, magnetic, optical, electromagnetic, inira-
red, or semiconductor system (or apparatus or device), or a
propagation medium. Examples of a computer-readable
medium include a semiconductor or solid state memory,
magnetic tape, a removable computer diskette, a random
access memory (RAM), a read-only memory (ROM), a rigid
magnetic disc, and an optical disc. Current examples of

optical discs include a compact disc with read only memory
(CD-ROM), a compact disc with read/write (CD-R/W), a

digital video disc (DVD), and a Blu-ray disc.

In the above description, specific details of various
embodiments are provided. However, some embodiments
may be practiced with less than all of these specific details.
In other instances, certain methods, procedures, compo-
nents, structures, and/or functions are described 1n no more
detail than to enable the various embodiments of the inven-
tion, for the sake of brevity and clarity.

Although specific embodiments of the invention have
been described and illustrated, the invention 1s not to be
limited to the specific forms or arrangements of parts so
described and illustrated. The scope of the invention 1s to be
defined by the claims appended hereto and their equivalents.

What 1s claimed 1s:

1. A method for performing resource capacity manage-
ment 1 a cluster of physical host computers, the method
comprising;

generating a snapshot of the cluster of physical host

computers that 1s a representation of a state of the
cluster of host computers;
generating a ghost host computer and adding the ghost
host computer to the snapshot of the cluster of physical
host computers, the ghost host computer being a ficti-
tious construct based on a physical host computer;
executing a power management analysis on the cluster
using the snapshot with the ghost host computer to
create a recommendation of powering on the ghost
computer or a stand-by physical host computer,
wherein a recommendation of powering on the ghost
host computer as a result of the power management
analysis 1s converted as a cluster capacity recommen-
dation to increase resource capacity of the cluster of
physical host computers, the capacity recommendation
specilying at least the capacity of a host computer that
should be added:

locating and adding a matching or similar host computer
based on the cluster capacity recommendation; and
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when the ghost host computer or a second physical host
computer 1n the cluster that 1s in stand-by mode 1s
selected for power-on during the power management
analysis, adding another ghost host computer to the
snapshot with the ghost host computer and setting the
another ghost host computer to stand-by mode, the
another ghost host computer being a duplicate of the
ghost host computer or the second physical host com-
puter.

2. The method of claim 1, wherein the ghost host com-
puter 1s a duplicate of one of the physical host computers in
the cluster.

3. The method of claim 2, wherein the adding the ghost
host computer includes adding at least one ghost host
computer for each of the physical host computers 1n the
cluster that i1s not in stand-by mode, the at least one ghost
host computer for each of the physical host computers being
a duplicate of that physical host computer in stand-by mode.

4. The method of claim 1, wherein the ghost host com-
puter 1s a modified version of the physical host computer
such that at least one characteristic of the ghost host com-
puter 1s modified to have a different value than the corre-
sponding characteristic of the physical host computer.

5. The method of claim 1, further comprising adding the
another ghost host computer to the snapshot when the ghost
host computer 1s selected during the power management
analysis for power-on, the another ghost host computer
being a duplicate of the ghost host computer.

6. The method of claim 5, further comprising adding a
second another ghost host computer to the snapshot when
the another ghost host computer 1s selected during the power
management analysis for power-on, the second another
ghost host computer being a duplicate of the another ghost
host computer.

7. The method of claim 1, further comprising adding the
another ghost host computer to the snapshot when the
second physical host computer in the cluster 1s selected
during the power management analysis for power-on, the
another ghost host computer being a duplicate of the second
selected physical host computer.

8. The method of claim 1, further comprising recommend-
ing, after the ghost host computer 1s selected to be powered
on by the power management analysis, a physical host
computer with same resource capacity of the ghost host
computer and connected to same set of datastore and net-
works as the ghost host computer to increase the resource
capacity of the cluster of physical host computers.

9. A non-transitory computer-readable storage medium
containing program instructions for performing resource
capacity management in a cluster of physical host comput-
ers, wherein execution of the program instructions by one or
more processors ol a computer system causes the one or
more processors to perform steps comprising:

generating a snapshot of the cluster of physical host

computers that 1s a representation of a state of the
cluster of host computers;

generating a ghost host computer and adding the ghost
host computer to the snapshot of the cluster of physical
host computers, the ghost host computer being a ficti-

tious construct based on a physical host computer;
executing a power management analysis on the cluster

using the snapshot with the ghost host computer to
create a recommendation of powering on the ghost
computer or a stand-by physical host computer,
wherein a recommendation of powering on the ghost
host computer as a result of the power management
analysis 1s converted as a cluster capacity recommen-
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dation to increase resource capacity of the cluster of
physical host computers, the capacity recommendation
speciiying at least the capacity of a host computer that
should be added:;
locating and adding a matching or similar host computer
based on the cluster capacity recommendation; and

when the ghost host computer or a second physical host
computer in the cluster that 1s i stand-by mode 1is
selected for power-on during the power management
analysis, adding another ghost host computer to the
snapshot with the ghost host computer and setting the
another ghost host computer to stand-by mode, the
another ghost host computer being a duplicate of the
ghost host computer or the second physical host com-
puter.

10. The non-transitory computer-readable storage
medium of claim 9, wherein the ghost host computer 1s a
duplicate of one of the physical host computers 1 the
cluster.

11. The non-transitory computer-readable storage
medium of claam 10, wherein the adding the ghost host
computer includes adding at least one ghost host computer
for each of the physical host computers 1n the cluster that 1s
not i stand-by mode, the at least one ghost host computer
for each of the physical host computers being a duplicate of
that physical host computer in stand-by mode.

12. The non-transitory computer-readable storage
medium of claim 9, wherein the ghost host computer 1s a
modified version of the physical host computer such that at
least one characteristic of the ghost host computer 1s modi-
fied to have a different value than the corresponding char-
acteristic of the physical host computer.

13. The non-transitory computer-readable storage
medium of claim 9, wherein the steps further comprise
adding the another ghost host computer to the snapshot
when the ghost host computer 1s selected during the power
management analysis for power-on, the another ghost host
computer being a duplicate of the ghost host computer.

14. The non-transitory computer-readable storage
medium of claim 13, wherein the steps further comprise
adding a second another ghost host computer to the snapshot
when the another ghost host computer 1s selected during the
power management analysis for power-on, the second
another ghost host computer being a duplicate of the another
ghost host computer.

15. The non-transitory computer-readable storage
medium of claim 9, wherein the steps further comprise
adding the another ghost host computer to the snapshot
when the second physical host computer 1n the cluster 1s
selected during the power management analysis for power-
on, the another ghost host computer being a duplicate of the
selected second physical host computer.

16. 'The non-transitory computer-readable storage
medium of claim 9, wherein the steps further comprise
recommending, after the ghost host computer 1s selected to
be powered on by the power management analysis, a physi-
cal host computer with same resource capacity of the ghost
host computer and connected to same set of datastore and
networks as the ghost host computer to increase the resource
capacity of the cluster of physical host computers.

17. A cluster management system comprising:

at least one processor;

a cluster capacity management module, executing on the
at least one processor, configured to generate a snap-
shot of a physical cluster comprising physical host
computers coupled to the cluster management system
that 1s a representation of a state of the physical cluster,
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the cluster capacity management module being further
configured to generate a ghost host computer add the
ghost host computer to the snapshot of the physical
cluster, the ghost host computer being a fictitious
construct based on a physical host computer; and

a power management module, executing on the at least

one processor, configured to execute a power manage-
ment analysis on the snapshot of the physical cluster
with the ghost host computer to create a recommenda-
tion of powering on the ghost computer or a stand-by
physical host computer, wherein a recommendation of
powering on the ghost host computer as a result of the
power management analysis 1s converted as a cluster
capacity recommendation to increase resource capacity
of the cluster of physical host computers, the capacity
recommendation specilying at least the capacity of a

host computer that should be added,

wherein the cluster capacity management module 1s con-

figured to locate and add a matching or similar host
computer based on the cluster capacity recommenda-
tion, and

wherein the cluster capacity management module 1s fur-

ther configured to, when the ghost host computer or a
second physical host computer 1n the cluster that 1s in
stand-by mode 1s selected for power-on during the
power management analysis, add another ghost host
computer to the snapshot with the ghost host computer
and setting the another ghost host computer to stand-by
mode, the another ghost host computer being a dupli-
cate of the ghost host computer or the second physical
host computer.
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18. The cluster management system 17, wherein the ghost
host computer 1s a duplicate of a physical host computer in
the physical cluster.

19. The cluster management system 18, wherein the
cluster capacity management module 1s configured to add at
least one ghost host computer for each physical host com-
puter 1n the physical cluster that 1s not 1 stand-by mode, the
at least one ghost host computer for each physical host
computer being a duplicate of that physical host computer 1n
stand-by mode.

20. The cluster management system 17, wherein the ghost
host computer 1s a modified version of a physical host
computer in the physical cluster such that at least one
characteristic of the ghost host computer 1s modified to have
a different value than the corresponding characteristic of the
physical host computer.

21. The cluster management system 17, wherein the
cluster capacity management module 1s configured to add
the another ghost host computer to the snapshot when the
ghost host computer 1s selected during the power manage-

ment analysis for power-on, the another ghost host computer
being a duplicate of the ghost host computer.

22. The method of claim 1, wherein the adding the ghost
host computer includes selecting the physical host computer
based on which the ghost host computer 1s {fictitiously
constructed based on CPU capacity, memory capacity or
current or projected host demand of the physical host
computer.
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